Abstract. This paper analyzes the relation between OSS (Open Source Software) use and the performance of Japanese information service industry. We first estimate the market value of OSS, an issue which only a few studies have specifically addressed. The results are then used to analyze the economic effect of OSS. Although our study has some methodological limitations regarding the calculation of the market value of OSS, we demonstrate that the economic effect of OSS is generally positive.
Introduction
This paper examines the relation between the use of Open Source Software (OSS) and the productivity of the Japanese information service industry from an economic perspective. OSS has recently become an indispensable resource in the information service industry. As Raymond (1998) has shown, the spread of open software development is associated with the increasing participation and contribution of information service enterprises. These enterprises use OSS primarily to enhance their competitive advantage. The open source community continually updates the software on a voluntary basis and, although this input is quite independent of enterprise needs, information service enterprises are the beneficiaries of this process. Chesbrough (2003) accurately described this as "open innovation" process to denote not only the enrichment of an enterprise's "inner" resources, but also the increasing importance of using "outer" resources such as OSS, especially when enterprises regard their competitiveness and growth in productivity as indispensable.
We adopt the view of OSS as an "outer" resource to analyze the business model in the Japanese information service industry in terms of its productivity.
Research Design
Tanihana and Noda (2011) used the concept of "open innovation" to study the relation between software development style and the use of OSS by showing the connections between "inner" and "exterior" resources. This section of our paper is devoted to explaining the theoretical background of OSS.
The Concept of "Connection"
Although the cost of duplicating software is almost negligible, the results of OSS development are made freely available. Therefore, unless there is a scarcity of talented developers, OSS may be regarded as a kind of public good that is non-competitive and non-exclusive. In the view of Ghosh (1998) , all enterprises i(i=1, 2, n) can use OSS because of these two attributes. This relation is defined by formula (1):
Ghosh (1998) highlighted the ease of duplicating software. In our view, the open style business model accompanying information oriented economy and copyright strengthen his opinion about OSS. We will examine the concept of "open" from the perspective of changes to an enterprise's business style 1 . The use of OSS reduces an enterprise's transaction costs, as defined by Coase (1937) , and changes its economic structure and business model from economy of scale to economy of "connection," as noted by Miyazawa (1986a Miyazawa ( , 1986b Miyazawa ( , 1988 ). Economy of "connection" is a concept that is not applicable to a single enterprise, but rather the synergy effect produced by many enterprises sharing their technological expertise.
On the other hand, Raymond (1998) used the expression "cathedral and bazaar," to distinguish between software development styles, likening the OSS development style, which is open to any other developer, as a bazaar style. In this style, OSS developers are "connected" through the Internet, thereby producing value 2 . On this point, it is thought that the development of OSS beyond the "inner" organization indicates the existence of an economy of "connection."
Open Innovation and OSS Utilization
In considering the development of OSS, the connection of "inner" resources with "outer" resources is a vital point. In our view, the development of OSS and its business model is based on the concept of "open innovation" advocated by Chesbrough (2003) .
To strengthen their competitive advantage, enterprises generally keep the results of their R&D activities secret, an attitude which Kokuryo (1995) argues may be characterized as a manifestation of independent management. However, under an "open innovation" process, an enterprise's R&D activities are connected to "outer" resources, thereby creating new value. In other words, changes to a business model occur from the reductions in transaction costs, as defined by Coase (1937) , with the with the economy of "connection" serving as a driving force for "open innovation." In considering the development of OSS, the connection of "inner" resources with "outer" resources is a vital point. In our view, the development of OSS and its business model is based on the concept of "open innovation" advocated by Chesbrough (2003) .
To strengthen their competitive advantage, enterprises generally keep the results of their R&D activities secret, an attitude which Kokuryo (1995) argues may be characterized as a manifestation of independent management. However, under an "open innovation" process, an enterprise's R&D activities are connected to "outer" resources, thereby creating new value. In other words, changes to a business model occur from the reductions in transaction costs, as defined by Coase (1937) , with the economy of "connection" serving as a driving force for "open innovation."
The Linux Foundation (2010) has shown that approximately 70% of contributions to OSS are by business enterprises, and that OSS activities are included in profit growth activities. Thus, enterprises use OSS to enhance their competitiveness. Kunai (2010) points out that revenue is generated from a contribution to the OSS community, whereas Fukuyasu (2011) considers the leveraging effect of using OSS. In the latter's view, the cost of developing OSS is shared among contributors, and all market players can enjoy the results produced by the contributors. Consequently, the positive economic effect of OSS takes the form of cost reductions and increased profits because of the leveraging effect of R&D activities.
Thus, for business models that use OSS, the vital point is that value, which cannot be created through independent management, is produced through the "connection" between "inner" and "outer" resources. In addition, OSS is a standard technology produced by the community independently of the enterprises contributing to it. Thus, it is a kind of infrastructure characterized by non-competition and non-exclusion.
We shall consider the business model that uses OSS from the perspective of value addition. Figure 1 shows the relation between sales and costs in information service enterprises. We define the difference between the sale of products or services and development or management costs as value added to an information service enterprise. It is well established that a fundamental objective of all enterprises is to maximize their value added activities. However, as the center of Figure 1 shows, competitive pressure on services and products is a daily and commonplace necessity. Because each enterprise has to deal with this pressure, price competition will be unavoidable. As a result, there is a fall in sales. On the other hand, under competitive pressure, it is necessary for each enterprise to produce more attractive products and services with a greater market appeal than before. This triggers a rise in development costs. That is, under competitive pressure, because its sales fall and its costs rise, each enterprise will face a reduction in its added value.
The context in which OSS is used is shown on the left side of Figure 1 . Because OSS is generally made freely available, enterprises are able to reduce development costs by replacing internal resources with external resources, or by "connecting" both. Similarly, it will be possible for each enterprise to generate profits and surpass its rivals in technology and competitive advantage by "connecting" its own products or services with OSS-based technology, which is developed out-side the enterprise. This process appears to facilitate competitive pricing by enterprises.
As already mentioned, our hypothesis is that using OSS can potentially enhance an information service enterprise's capacity to create added value. Therefore, we attempt to grasp the structural and quantitative effects of OSS in this paper.
Model for Empirical Analysis
To analyze the economic effects of OSS, we have to consider the effect of "connection" with respect to resources. If the "connection" between "inner" resources and OSS as "outer" resource is considered, an information service enterprise i's production structure can be expressed by formula (2), as follows:
Formula (2) is a kind of Cobb-Douglas production function 3 , according to which, given technology A, value in an information service enterprise i V i, t consists of its capital input K i, t and labor input L i, t . These resources exist in the "inner" organization. On the other hand, OSS t constitutes the "outer" resources, which develop independently of each enterprise i. In other words, the relation indicated in formula (2) shows the "connection" between "inner" resources and "outer" resources that lies behind the "open innovation" business model 4 . If formula (2) is logarithm-zed and deployed, it is possible to obtain formula (3), which specifies the determinants of labor productivity in an information service enterprise.
In formula (3), the level of labor productivity (V/L) depends on the level of ratio of capital equipment (K/L) and OSS input. In this formula, the value of coefficient γ is important. When γ is positive and significant statistically, OSS gives positive effect to the level of labor productivity in Japan's information service industry. 
Calculation of OSS Market Value
Although software is an intangible asset, quantitative evaluations, such as price, are required to determine the economic effect of OSS. In software development, the person-month scale is generally applied. On the other hand, the value of software is evaluated in terms of market transactions. In our view, the difference between the standards of the person-month scale and the market price makes it difficult to evaluate the economic effect of OSS. Moreover, there are no official statistics, such as price and market value, for OSS. Although OSS increasingly resembles economic activity in recent years, it was not necessarily developed to obtain evaluation and market share data at the outset. This is one reason why it does not lend itself easily to quantitative assessments in relation to measurements such as price and market value. Therefore, to evaluate the market value of OSS, it is necessary to change from an obscure standard such as person-month to something more obvious, such as price.
Other scholars have undertaken a few quantitative assessments of OSS. 2008) and Garcia-Garcia and Magdaleno (2010) used a Constructive Cost Model (COCOMO), which calculates a process and a period for software development 5 . COCOMO is a method that is advocated in Boehm (1981) and it can estimate the effort that goes into software development on a person-month scale, based on a line of source code. Multiplying such effort estimates by wages makes it possible to evaluate the monetary value of OSS. We shall use the same method to estimate the market value of OSS in this paper. For this purpose, we shall use the following formula. ∏
Formula (4) is a basic COCOMO, in which the man-month scale effort EFFORT t depends on the kilo source line of code KSLOC t and cost factors C j . Coefficients a and b are the parameters which are determined by the scale and the environments in software development; these are computed by regressing past development projects as reported in Boehm (1981) . Based on MacPherson (2008), we set coefficient a at 2.4 and b at 1.05 6 . For the number of lines of source code, we adopt statistics released by Ohloh, which is a project that publishes statistics and information about OSS 7, 8 . In COCOMO, cost factors are composed of 15 variables, including hardware, human resources, and project environments. A coefficient was assigned to each of these factors. Then, based on Wheeler (2004), we assigned to the development of OSS a cost factor parameter of 2.4. Wheeler (2004) has demonstrated that software development not only requires a labor force, but also the capacity to meet the costs of tests, facilities, and management. Because the proportion of labor force input is one of the cost factors in software development, it is necessary to count the variable multiplied by a cost factor coefficient of 2.4 as a development cost.
According to MacPherson et al. (2008) and Garcia-Garcia and Magdaleno (2010), OSS development costs and market value can be calculated by multiplying effort by wages. Based on these studies, we define the market value of OSS by formula (5), as follows. (5) In formula (5), man-year scale effort (EFFORT t /12) is obtained by dividing the manmonth effort by 12 (i.e. 12 months). Next, multiplying person-year effort by programmer's wages w t enables us to calculate the market value of OSS for every year as OSS t 9 . Because in economic theory, marginal cost and price are equal at market equilibrium point, effort for OSS development is equal to its market value 10 .
Empirical Result

Labor Productivity
Table1 shows the trend in labor productivity per Person-hour in Japan's information service industry for the period 2001 to 2009. Based on "Currently Survey of Selected Service Industries" published by Ministry of Economy, we divided this industry 8 enterprise groups in according to the number of its workers in Table1.
Regarding the labor productivity trend, three points can be deduced from Table 1 . First, the level of labor productivity in an enterprise employing 500 or more workers is higher than that of other enterprises. This accounts for the discrepancies among enterprises within the same industry, as noted by Tanihana and Noda (2012) . Second, Table 1 shows that the overall fluctuation of labor productivity is reduced, along with the scale of business expansion 11 . Moreover, after 2009 labor productivity level in this table reduces. It is caused by economic recession of those days.
From these features, it is obvious that an information service enterprise with over 500 workers, a so-called "big vendor", firmly maintains a high level of productivity. Again, it is possible to see the difference between big vendors and small vendors in terms of labor productivity in the Japanese information service industry. 9 There are two problems concerning programmer's wages. First, the wage level in Japan is lower than that of other countries. For example, programmers in Japan earned on average Compared with these results, Japanese programmers' earn a low wage. Therefore, the possibility of an underestimation of market value of OSS cannot be denied. Second, OSS development is global, so using the Japanese average wage level is somewhat unfavorable. Ideally, we would use the time series data to reveal the developer's nationality and the proportion of their respective contributions. However, we were unable to obtain the data for such a calculation. 10 Then, we calculated the real OSS market value with the price index. 11 This figure shows that management becomes stable according to expansion of business scale. The gap of labor productivity in this figure results from vertical Japanese industrial (keiretsu-like) structure. See Tanihana and Noda (2012). Table 2 shows OSS market values estimated using formulas (4) and (5). This paper discusses the Linux kernel, MySQL, PostgreSQL, Apache HTTP Server, Perl, Ruby, Python, PHP, Ruby on Rails, and Open Office, which were objects of this study. Today, each of these 10 objectives are well known and widely used in the field of business. In table 2, the estimated period ranging from 2001 to 2010, except a small part. 1  1  8  ,  9  2  8  5  ,  3  9  3  2  ,  5  4  1  6  ,  3  4  7  1  4  ,  0  8  1  2  ,  3  4  7  3  ,  7  1  2  1  0  ,  4  1  0  3  8  4  4  7  ,  8  8  8   2  0  0  9   1  3  4  ,  2  2  4  5  ,  3  8  8  2  ,  6  2  7  6  ,  7  5  8  1  4  ,  4  0  7  3  ,  0  8  1  3  ,  4  0  7  1  1  ,  8  4  7  5  7  7  4  8  ,  5  2  3   2  0  1  0   1  7  3  ,  5  1  8  6  ,  4  1  5  3  ,  0  6  9  8  ,  4  0  8  -4  ,  0  1  2  3  ,  5  9  9  1  3  ,  6  7  9  5  3  2  5  0  ,  0  7  9 First, the Linux kernel typifies today's OSS movement. Table 2 shows that its market value was approximately 173.5 billion Yen in 2010. Table 2 clearly shows that no OSS has had the same market value as the Linux kernel during the period of this study. The reason for the high economic value of the Linux kernel is the high accumulation of its source code 12 .
OSS Market Value
Open Office is one of the office suite programs originally developed by Sun Microsystems and released as OSS in 2000. According to table 2, its market value was approximately 50 billion Yen in 2010. This figure ranks second to that of the Linux kernel.
On the other hand, Ruby on Rails is OSS that was still in the developmental stage. Because Ruby on Rails appeared in 2004, sometime after the other OSS, the accumulation level of its source code is low. This seems to explain its lower economic value.
4.3
Contribution of OSS to Labor Productivity Table 3 shows the estimated contribution of OSS to the Japanese information service industry using a regression of formula (3). Our research objects are enterprises, which are categorized into 8 groups based on the "Current Survey of Selected Service Industries." First, the estimated result shown in the second line of the upper section is the production structure of enterprises that do not use OSS. Because the elasticity of the ratio of the capital equipment is 0.292, it is reasonable to conclude that the Japanese information service industry can enhance its productivity or ability to create added value through the enrichment of "inner" resources.
The estimated results of the Linux kernel are produced in the third line of the upper section, which shows that the contribution of the Linux kernel, when measured in terms of its elasticity, was 0.307. We can conclude from this that the use of the Linux kernel has a positive economic effect on the Japanese information service industry.
We chose MySQL and PostgreSQL as the research objects in database server. Their results are shown in the fourth and fifth line of the upper section, respectively. The estimated elasticity of MySQL was 0.357 and for PostgreSQL it was 0.486. Based on these results, the Japanese information service industry could possibly enhance their labor productivity with these OSS.
The estimated elasticity of the Apache HTTP Server is indicated in the sixth line of the upper section, showing an estimated result of 0.278. From this, it is plausible to conclude that the Apache HTTP Server has had a positive effect on the labor productivity of the information service industry in Japan.
As regards programming languages, we estimated the economic effect of four languages: Perl, Ruby, Python, and PHP. The elasticity estimates are shown in the seventh line of the upper section, as well as the second, third, third, and fourth lines of Table 3 . The Contribution of OSS to Productivity in Japanese Information Industry Note: t-values are in parentheses. **Significant at 5% level, ***Significant at 1% level.
the lower section. Although the estimated results are limited by the number of OSS selected for our study, we can still conclude that, generally speaking, OSS programming languages have had a positive effect on the Japanese information industry.
The estimated results for Ruby on Rails are shown in the fifth line of the lower section. Although its elasticity was -0.048, which indicated a negative economic effect, its t-value was 0.491. Therefore, Ruby on Rails seems not to have had any economic effect on the Japanese information service industry.
We estimated the economic effect of Open Office as an office suite OSS. The results are shown in the sixth line of the lower section. Judging from our results, we can conclude that Open Office has had a positive economic effect on Japan's information service industry.
Conclusion
The paper has discussed OSS from the viewpoint of a "open innovation". The free availability of OSS and the near zero cost in duplicating it are both aspects that are guaranteed by licenses, which leads us to view OSS as a kind of infrastructure or public good. Q  L  A  p  a  c  h  e  H  T  T  P  S  e  r  v  e  r  P  e  r  l  C  o  v  e  r  e  d  P  e  r  i  o  d  2  0  0  1  -2  0  0  9  2  0  0  2  -2  0  0  8  2  0  0  1  -2  0  0  9  2  0  0  1  -2  0  0  9  2  0  0  1  -2  0  0  9  2  0  0  1  -2  0  0 Information service enterprises use OSS in the bid to strengthen their productivity and competitive advantage. Through the "bazaar" process, OSS is developed in a community that is organized independently from the enterprises contributing to such development.
Information service enterprises are able to create value by "connecting" OSS with their "internal" resources. Chesbrough defines this process as "open innovation" to denote a change in business model from a scale-intensive to a "connection"-intensive approach. It is therefore necessary to consider the effect of such a "connection" when analyzing the economic effect of OSS.
To conduct an analysis from an economic viewpoint, it is necessary to factor in the market value of OSS. For this purpose, we used COCOMO to calculate the market value. This calculation depended on effort. We found that the Linux kernel, and Open Office software have a high market value. In the case of Linux kernel, this is because their early appearance has facilitated the buildup of their source code, while the Open Office software's high value is attributable to the fact that it was originally developed as proprietary software, and has built up its source code since then. However, to calculate the market value of OSS, we had to rely on statistics for only Japan. Since the development of OSS is global, we concede that our exclusive reliance on Japanese statistics is not ideal. We had no other choice, though, because we were unable to obtain any data that provided a percentage breakdown of developers' respective nationalities and contributions. We would like to improve upon the method used in calculating the market value in a future study.
The calculation of the market value of OSS enabled us to estimate the contribution of OSS to labor productivity in the Japanese information service industry. We chose ten different kinds of OSS as our research object. The results of our analysis shows, broadly speaking, that although OSS has a positive economic effect on Japan's information service industry, each OSS has a variety of economic effects.
OSS has recently become an indispensable resource in the information service industry. This paper clarifies the relation between technical and economic productivity. In this connection, we can infer from our results that in order to create value and strengthen their competitiveness, information service enterprises will face subjects in style of OSS use. In other words, this will be essential in deciding which OSS will have a significant economic effect on the information service enterprise. However, to profit from the use of OSS, improvements to internal resources, such as talented developers, will also have to be made by such enterprises.
